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complement fixation reaction teste thet « bacterial scelution treated 
ne lied Deo acc pwan D ay mye etna linen doses Brean tal 
ami produced requlte superior te those of past antigens; 

(3) O@akI reported that the cellulicidal action of aia a: A 
ah gee cage Fadby wore agg he pamela, Ragey wnenreetin ture, that tempera- 
ture viees destroy bacteria, but produce a decrease in trane- 
parency ond that turbidity ie not pronounced at 30°¢ or below. 


Mech of the above etudies was performed on « single frequency. 
The effects preduced by varying the frequency have not been 
investigate’. The curposs of thie experiaent was to anake 
save GHadhan a Uae eltech Of Gatteneeh fecamentite (1126 ke, 

560 ke and 280 ke) on dacterial celle and to clarify the relation- 
ship between frequency and cellulicidal action. 


Chapter i. Supersonic wave generater; spuftection of euesente 


Liege legy Laboratory 
The principal features of the generator are deseribed below. 


1. ‘The renge covers five frequencies (140 ke, 280 ke, 560 ke, 
1126 ke and 2240 ke). 


2. Two resonators heve been provided; both ean be 
eacillated simul taneously. 


3. aa ee strength around the crystal re- 
sonators in obtained by the automatic temperature contre] and the 
oil purifier which ia provided for the ingulating 911. 


rie inpact of the oscillater tube (one per 
euuet cane ia fixed at 1.5 times or 1.5 kw. 


S. Goempensaters allow for voltage fluctuations in the 
power supply. 
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Supersonic wave generater 
Front view (Part 1) 


Sanersoanic wave generator 
Trent view (Fart 2) 
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The bacterial solution containers were redesigned by this 
® place the bacterial solution in a thin-bottomed 
Under such conditions the | 


lahe rate ry. 


treatwents 
t tube 


Hel 
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Under conditions where the initial liquid (011) temperature 
the rewalt shown in 


temoerature 
tube when supersonic vaves act against the better of the tube, 
Figure i 


EL Xe 
(1) Test tube temperature (internal) 
(2) Treatment time (minutes) 


oe nee: Sreenie tee Oates Re Ses Saee 
indieates that the heat generated through the absorption of 
supersonic waves is considerably greater than the thermal conductivity 
within end without the tube. The rate of temperature rise in thie 
Se NS Wie ey ween Oe 
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rer : Baeterial count variations of 
2 ee bacterial (cholera) solution 


hey 
(1) Bacterial count 
(2) Stock solution 
(3) Time (minutes) 
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Shapter TI. Observations 
fhe items listed below were observed on bacterial suspensions 
ee Se ae 1,0 ag and 30 ng of cholere bacteria per 1.0 8. 
These observations were made at different frequencies. 
A. Gelivlicidal teet 
B. Beeterial count 
6. Purbidity measurement 


D. Time chenge in morphology 
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Chapter III. Uxperimental procedure 


A. Bacterial strain: The bacteria used in thie experiment 
were of the Eiteni strain preserved by this laboratory. The strain 


against 
mice was 0.1 mg, Uniform turbidity and "bacterial file’ reeulted 
with @ bouillon culture (PE 7.4). “Bacterial film," uniform 
turbidity end excellent growth were observed in peptene. Gas 
forsation with a vertienl dextrose or lactose culture was negative. 
Gholera-red reaction was positive. The agglutination titer of the 
original serus wae positive at 12,800 tines. 


3. Preparation of bacterial suspensions: The product separat- 
ing after 24 hours in 3 per cent agar (PH 7.4) was cultured at 27°%¢ 
fer 20 hours and weighed. Geeterial suspensions were prepared at 
a ratie of 10 mg per ec of 0.88 per cent physiological saline 
solution. The suspensiond were employed after completing tests 
for miscellaneous bacteriaiand bacterial counts. 


0. Supersonic weve treatment: The 0.1 mg bacterial 
was treeted with supersonic waves for 1-10 minute periods, the 1.0 
hg suspensions for 1-10, 15 and 20 mimute periods and the 10.0 = 
suspension fér 1~10, 20, 30, 40, 50, 60 and 7O minute periods 
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was later adied. Yoon sclidification,; ager was again added 
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Checevation of mevyholagionl changeset Simple eteaings with 


_— cemmabae the relative turbidities the abeolute turbiditios 


computed. 
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Beoterisl solution concentration Dilution 
0.1 mg/l0 ec Stock solution 
1.0 mg/1.0 oe 10 times 
10.0 mg/1.0 ec 100 times 


Chapter IV. Results of experiment 
(See Tables 1, 2 and 3.) 
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fable 1. Resulte of celluilicidal strength teste; turbidity aad garvivel af gc 
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Table 2. Results of celiuiicidal strength testo; turbidity snd ourvival of cholera) 


heather clear, 


ia trooted with 560 ke supersends waves. | 


“% 31 May 41. Boom teopersture 26°C... 
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fable 3. Reeults of oellulicidal strength testa; turbidity and survivel of a “9 bagteris treated with 280 ke supersonie weves. 
Plate voltage 3300 v; plate current 400 ma; grid current 190 aa. Date }axperinet 7 dul 4). Reon temperature 31°. ‘ecther clear. 
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@he cellulicidal time is shown in Figure 1, the morphological 
changes in Table 4 and turbidities in Tables 1, 2 and 3. 


A. Gellulicidal time 
(Sumearised from Tables 1, 2 and 3.) 


Qed mg/d co 1.0 mg/iee 10.0 mg/l co 


1 1g0ke 8 864 mtn 16 min 60 min 
2 860ke 2 nin 30 min 75 min 
S$ 20ke 2 ain 6 min 30 min 


Ab the same supersonic wave energy, cellulicide was accelerated 
aa the bacterial dilution wee increased and as the frequency was 
decreased. At 280 ke cellulicide occurred in the 0.1 mg solution 
in two minutes, the 1.0 mg solution in six minutes and the 10.0 mg 
solution in 30 minutes. Higher destruction occurred at 1120 ke 
than at 560 kc. Gonsequently, the cellulicidal time (directly 
proportionate to wave length; inversely proportionate to frequency) 
fluctuated of aesenting to differences in wave length. 


B. Survival test: Ae illustrated in Figures 2 and 3 the 
decrease in bacterial count produced by treatment with supersonic 
waves is logaritheical. By treating the bacterial count in the 
grephe as a logarithmic scale (vertical axis) and the treatment tine 
ae an arithmetical scale (horisontal axis) it ean be said that the 
relationship 


log ¥ = cx ¥ = Kex 
{ ¢ = negative constant) 


existe (when ¥ represents the decterial count and X represents the 
treatment time) since approximately straight lines are chown when 
eas termasof laquetthate velese for the nuuber of surviving 


In the cage of the 10.0 ag/1.0 ce solution graphed in 
Figure 3 a marked reduction in bacterial count occurs at the same 
energy level when the frequency decreases and the wave length 
increases. This reductiom te not pronounced in Figure 2. 


The time required for the legerithm of the live bacteria 
count in the suspensions of each concentration to become halved, 
or their frectional survival time, is shown below. 


1 1120 ke 3 min 5 min 40 ain 
2 660 ke 1 win 15 min 20 min 
S 280 ke 1 mis 5 min 30 min 
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G. Results on morphological changes: (See Table 4.) 


The influences exerted ty frequencies on the bacterial 
celle, when expressed in terms of time required for cellulicide, 
have been summarised in the following table. 
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The steps taken in the destruction of bacterial celle by 
moons of vibrations ineluded cellular swelling followed either by 
ehanges in the cell morphology or by immediate destruction and 
homogenigation upon the release of protoplaem. The destroyed matter 
from the bacterial cells displayed dust-like, granular or cloudy 
forme. Ae a peculiarity of waperconic weve treatments certain parts 
were unable to take stains. The above "steps" were taken in rapid 
succession at 280 ke. 


DR. Resalts on measurement of turbidity: (See Tables 1 to 3.) 


Within the range of supersonic wave treatments covered by 
this experiment, traneparency was not detected among any of the 
suspensions of cholera bacteria. In every case extreme differences 
in turbidity were not present. 


Chapter ¥. Summary and conclusion. 


The following conelusions were derived from sbeerving the 
eellulicidal time as well as changes in the turbidity and the 
morpholegy of bacterial solutions after subjecting cholera bacteria 
suspended in a physiological salize solution to the action of 
supersonic waves possessing the same energy level bat of « different 
frequency (1130 ke, 860 ke and 280 ko). 


A. At the game energy level the cellulicidal time is accelerated 
ae the is decreased and is inversely proportionate to the 
frequency (somewhat directly proportionate to wave length). 


B. Gellulieidsl time decreases as the concentration of the 
vial suevension decreases. . 


G. The changes cceurring in live bacteria during the treatment 
time are logarithmiesal and possess the following relationship: ; 


Jog y* ox 
y = live bacteria count 
x = treatment tine 
@ 3 negative constant 
D. Hardly any case of transparency due to the effects of 


supersonic waves on cholera bacteria and physiological salize solution 
ean be observed. Turbidity appears unchanged. 


%. The stepe taken im cellular destruction by supersonic wave 
treatment inelude cellular swelling and deformation or immediate 
destruction and homogenization upon the release of protoplasm. The 
deatroyed anttere dieplay dust-like, granular or cloudy forme. 


¥, The degree of celluler destruction cannot be learned through 
changes in turbidity. 
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Table 4. Microscopic observations of morphological changes in cholera bacteria at varicus supersonic wave frequencies. 
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